ABSTRACT
INTRODUCTION
Breast cancer in Indonesia ranks second as the most common cancer found in women after cervical cancer. The number of cases of breast cancer has steadily increased, from 5 (1) Elevated rates of reactive oxygen species (ROS) have been detected in almost all cancers, where they promote many aspects of tumor development and progression. However, tumor cells also express increased levels of antioxidant proteins to detoxify ROS, suggesting that a delicate balance of intracellular ROS levels is required for cancer cell function. (2) Glutathione S-transferase (GST) is known to play a key role in the detoxification and reduction of reactive oxygen species (ROS). According to research by Huang et al. (3) expression of GST-pi, a phase II detoxification enzyme, was up-regulated in breast cancers that exhibited higher oxidative stress and were associated with higher GST activity.
Trace elements have nutritional benefits as essential cofactors for physiologic processes, but some can be toxic to humans. Accumulated evidence suggests that deficiency or excess of certain trace elements may be associated with risk of chronic diseases including cardiovascular diseases, diabetes and cancer. (4) Since the recognition of the possibility of the direct or indirect influence of trace elements in the development and prevention of malignant diseases, the contribution of the trace elements has been under scrutiny. (5) Trace elements have been implicated in the pathogenesis of breast cancer. (6) According to Holanda et al. (7) increases in zinc concentration in the cellular compartment and reduction of this trace element in the blood of patients with breast cancer appear to alter the activity of metalloproteinases 2 and 9 that contribute to the occurrence of malignancy. However, new studies that determine the effectiveness of these inhibitors in breast carcinoma are still needed.
Research by Jian et al. (8) showed that mice fed an iron-deficient diet had significantly higher tumor volumes and lung metastasis compared to those fed normal iron diets. Iron deficiency mainly altered Notch but not TGF-β and Wnt signaling in the primary tumor, leading to the activation of epithelial mesenchymal transition (EMT). This was revealed by increased expression of Snai1 and decreased expression of E-cadherin. Importantly, correcting iron deficiency by iron therapy reduced primary tumor volume, lung metastasis, and reversed EMT markers in mice. Furthermore, the research found that mild iron deficiency was significantly associated with lymph node invasion in young breast cancer patients.
On the other hand, research by Silva et al. (9) showed that concentrations of trace elements are higher in neoplastic tissues (malignant and benign) when compared with normal tissues. Thus, there is still inconsistency of research results on the effect of trace element level on breast cancer. The aim of this research was to determine the correlation of the trace elements iron and zinc with the oxidative stress level of GST activity in women with breast cancer.
METHODS

Research design
This study was an observational analytic study using cross-sectional design. The research was carried out within 6 months (July to December 2016) and was located at a hospital in Purwokerto, Banyumas District.
Research subjects
The subjects of the research were patients with breast cancer. Samples were selected by consecutive sampling in accordance with the inclusion criteria of breast cancer diagnosis based on biopsy, never received chemotherapy and willing to be a research subject. The sample size was 35, based on a 0.05 significance level and power of 10%, with a correlation coefficient of 0.5.
Laboratory analysis
Blood samples were collected from the median cubital vein. Prior to blood sampling, subjects were asked to fast for 10 hours. Blood sampling was performed from 7:00 to 9:00 a.m. Approximately 10 mL of blood was drawn into small purple-top vacutainer tubes. Following clotting, the blood tube was centrifuged at 2500-3000g for 5 min. The plasma supernatant was placed into a sterile acid-washed, metal ion-free microfuge tube, and stored frozen at "20°C until required for the assay. (10) Iron and zinc levels were determined using standard laboratory protocols. In brief, specimens were acid digested under high pressure in a microwave oven and then assayed for iron and zinc on a Perkin Elmer 3110 atomic absorption spectrometer (Waltham, MA, USA). We used calibration curves prepared from serially diluted iron and zinc standards (Merck, Germany). (10) Measurement of GST activity was done by the method of Habig et al. (11) In this method the GST activity is measured spectrophotometrically by following the yellow coloration as a result of 1-chloro-2,4-dinitrobenzene conjugation with GSH by GST. Laboratory analysis took place at the Research Laboratory, Faculty of Medicine, Jenderal Soedirman University, Purwokerto.
Data analysis
Data analysis was to determine whether there was a correlation using the Pearson correlation test. A p value of <0.05 was considered significant.
Ethical clearance
This 
RESULTS
The mean age of the subjects was 47.89 ± 12.49 years, with the youngest subject being 25 years old and the oldest 76 years. Mean serum iron was 131.14 µg/dL, mean serum zinc 2.12 mg/L and mean GST content was 55.86 μmol/L as shown in Table 1 .
The result of the correlation analysis of serum iron with GST showed a weak negative correlation (p<0.05, r=-0.487), while the correlation of serum zinc with GST also showed a weak negative correlation (p<0.01, r=-0.409) as shown in Table 2 .
DISCUSSION
Mean serum zinc concentration in this study was 2.12 mg/L, which was higher than the standard laboratory reference of 0.75-1.3 mg/ L). (12) Zinc is required for both normal cell survival and for cell death via its role in apoptosis. Zinc may also regulate autophagy and other forms of survival due to its early sensitivity to cell stress. Thus, zinc could play a central role, regulating apoptosis and autophagy as well as immune cell function. Cancer cells are continuously stressed (genomic stress, endoplasmic-reticulum (ER) stress, nutrient stress, oxidant stress, etc) and selected for survival (likely by autophagy). Zinc has a spectrum of effects on cell death and A B C survival, where zinc depletion induces cell death via apoptosis (or necrosis if apoptotic pathways are blocked) while sufficient zinc levels allow maintenance of cell survival pathways such as autophagy and regulation of reactive oxygen species. Cancer cells have up-regulated zinc importers, and most frequently have increased zinc levels, which allow them to survive. Based on these notions, means to locally regulate zinc levels to promote immune cell survival and tumor apoptosis are in order. (13, 14) The mean serum iron concentration in this study was 131.4 µg/dL, which was at the high end of the standard laboratory reference range of 40 -155 µg/dL. (15) According to the study by Wen et al. (16) in Taiwan, elevated serum iron concentrations were associated with higher risks of cancer and cancer mortality. A Swedish cohort study by Gaur et al. (17) found that increased serum iron concentrations were associated with slightly higher risks of postmenopausal breast cancer.
The mean GST activity in this study was 55.86 µmol/dL. Glutathione-S-transferase (GST) is a cytoplasmic protein responsible for detoxification. The study by He et al. (18) showed that cell proliferation and migration could be enhanced in greater concentrations of GST, where GST directly bound to the surface of the cancer cells. Glutathione-S-transferase activities were higher in the breast tumor than in the normal cytosolic fractions. (19) Enginler et al. (20) reported significantly higher GST enzyme in healthy tissues compared to tumor samples from the human mammary gland in a comparison of the malignant tumors and their healthy surrounding tissues. Our study found negative correlations of serum iron and zinc with GST. According to Kasperczyk et al., (21) in the group with high levels of calcium, magnesium, zinc, copper, iron, and selenium, the activity levels of glutathione peroxidase (GPx) and glutathione-S-transferase (GST) were lower than in the low level group. Higher levels of the examined metals are associated with elevated oxidative stress accompanied by decreased activities of some of the antioxidant enzymes.
Iron is a central element of the heme molecule, which is a critical part of hemoglobin and essential for oxygen transport. Heme is also a part of many essential enzymes such as catalase and the cytochrome series. (22) However, when in abnormal expression, they seem to contribute to several pathological processes, including tumor growth, invasion and metastasis. Free iron is a pro-oxidant and can induce oxidative stress and DNA damage. The carcinogenicity of iron has been demonstrated in animal models, and epidemiologic studies have shown associations with several human cancers. However, a possible role of excess body iron stores or of elevated iron intake in breast carcinogenesis has received little attention epidemiologically. Over time a high intake of iron can lead to iron overload, which may disrupt iron homeostasis with a resulting increase in free iron, so contributing to the development of breast cancer.
Furthermore, body iron stores increase in women following menopause. Reactive oxygen species produced by normal aerobic cellular metabolism can lead to the release of free iron from ferritin. In the presence of superoxide radicals and hydrogen peroxide, stored ferric iron (Fe 3+ ) is reduced to ferrous iron (Fe 2+ ), which catalyzes the formation of the hydroxyl radical (*OH). This in turn can promote lipid peroxidation, mutagenesis, DNA strand breaks, oncogene activation, and tumor suppressor inhibition, increasing the risk of breast cancer. In addition to its independent role as a prooxidant, high levels of free iron may potentiate the effects of estradiol, ethanol, and ionizing radiation-three established risk factors for breast cancer. (23) Zinc occurs in all living cells as a constituent of metalloenzymes involved in major metabolic pathways. Zinc controls several enzymes of intermediary metabolism, DNA and RNA synthesis, gene expression, immunocompetence, and plays a significant role in homeostasis of hormones. (24) High levels of Zn increased oxidative stress in breast cancer. The study by Seraj et al. (25) showed that plasma zinc and malondialdehyde concentrations were significantly higher in patients as compared to the control group. It may also be suggested that increased oxidative stress in breast cancer patients may be attributed to the altered trace element level in such patients.
One limitation of this study was the absence of normal subjects (not having breast cancer) as controls. Thus there was no control data on the zinc, iron and GST concentrations for comparing with those of the study subjects and for demonstrating that the relationships between zinc, iron and GST occur only in women with breast cancer. Further studies need to be carried out using a controlled study design, e.g. a case control study design.
CONCLUSIONS
In the present study, we showed a negative correlation between serum iron and zinc with GST. This finding result support previous research that high accumulation of iron and zinc increased oxidative stress and decreased oxidant enzyme..
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